Despite near universal health coverage under Medicare, racial disparities persist in the treatment of diffuse large B-cell lymphoma (DLBCL) among older patients in the United States. Studies evaluating DLBCL outcomes often treat socioeconomic status (SES) measures as confounders, potentially introducing biases when SES factors are mediators of disparities in cancer treatment.
Introduction
Diffuse large B-cell lymphoma (DLBCL) is the most common non-Hodgkin lymphoma subtype among adults and the incidence rate of DLBCL is over 40 per 100,000 individuals in adults ages 70 years and older. [1] [2] [3] The introduction of rituximab to chemotherapy treatment regimens (e.g., R-CHOP: rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone) has resulted in considerably improved survival in patients with DLBCL. [4] [5] [6] Despite the availability of highly effective regimens, racial differences persist in the treatment of DLBCL. [7] [8] [9] In the United States (U.S.), NH-black DLBCL patients typically present at younger ages, with more advanced stages of disease, and more frequently with B symptoms (e.g., fever night sweats and weight loss) compared to non-Hispanic (NH) white patients. [1, 7] Hispanic/Latino patients present at later stages of follicular non-Hodgkin lymphoma when compared to NH-white and NHblack patients. [10] Although NH-black patients have a lower overall incidence of DLBCL, they are less likely to receive treatment and have worse survival compared to NH-white patients. [7] Among the factors that contribute to the under treatment of DLBCL, insurance has a critical role given its direct relation to cost of treatment. Insurance status (uninsured and Medicaid vs privately insured) is associated with survival in DLBCL patients 18 to 64 years of age. [11] Less is known about whether and how insurance supplementation is associated with receipt of DLBCL treatment in the Medicare-aged U.S. population. Even though all adults over the age of 65 years have health coverage through Medicare, a greater proportion of NH-white Medicare beneficiaries have private supplementation plans and a lower proportion are dual Medicare-Medicaid eligible. [12] Patients without private Medicare supplementation incur higher out-ofpocket costs relative to their total income when they receive care, [13, 14] representing a greater financial burden that is associated with poorer adherence to cancer treatment. [15, 16] Lower individual and community socioeconomic status (SES) are also associated with poorer health outcomes and increased risk of mortality among cancer patients. [17] [18] [19] Most epidemiologic studies account for SES by modeling it as a confounder or an effect modifier when examining the relationship between racial disparities and cancer treatment or mortality. [18, 19] A confounder is defined as a characteristic associated with both the exposure and the outcome, though not in the causal pathway. [20] We hypothesize, as depicted in our a priori causal diagram (Supplemental Figure 1 , http://links.lww.com/MD/D377), that race and ethnicity may determine or predict SES measures and we therefore consider SES measures to be potential mediators in a causal pathway between race/ethnicity and treatment of DLBCL in older patients. With the development of mediation analysis, it is possible to better understand how incorporating a mediator as a confounder in statistical modeling can bias effect estimates; misspecifying or possibly over adjusting the model could explain the conflicting findings and interpretations in observational studies of health disparities. [21] No known study has conducted a mediation analysis evaluating the relationship between race and ethnicity and differences in the treatment of older patients with DLBCL using the Surveillance Epidemiology and End Results (SEER) Medicare-linked database. [22] Our objective was to conduct causal mediation analyses examining associations between race and ethnicity and receipt of chemo-and/or immuno-therapy (vs no chemo-and/or immuno-therapy) with potential mediation by patient-and community-level SES variables:
(i) having Medicare private supplementation; (ii) metropolitan statistical area (MSA) of residence; and (iii) census-tract poverty level.
Methods

Data and participants
These analyses were conducted among patients ages 66 years and older diagnosed with DLBCL using the SEER-Medicare linked database between 2001 and 2011. Patients with DLBCL were identified using World Health Organization International Classification of Diseases for Oncology, third edition histology codes for 'DLBCL, NOS [not otherwise specified]' (codes: 9680, 9688, 9737, 9738, 9684, and 9735) available within the SEER dataset. [23] Data from this period coincides with the greater evidence and increasing use of rituximab in addition to standard multiple chemotherapy regimens to improve outcomes in older adults with DLBCL. [4] This database links population-based cancer registries in the U.S. with Medicare administrative claims data (medical claims from Parts A and B, and prescription claims from Part D). [22, 24, 25] Medicare is the primary payer for over 93% of the U.S. population ≥65 years of age, [26] making it possible to conduct epidemiologic studies to examine treatment and health outcomes in older adult cancer patients. [22, 24, 25] Medicare beneficiaries ages 66 years and older with a diagnosis of histologically confirmed first primary DLBCL between 2001 and 2011 were eligible for inclusion in this study. Patients with first primary DLBCL include those with (1) DLBCL as their first and only cancer diagnosis or (2) DLBCL as the first of multiple cancer diagnoses. Patients were required to be continuously enrolled in Medicare Parts A and B for at least one year prior to and following diagnosis (unless died) with Medicare as their primary payer. If individuals died in <12 months following diagnosis, then they were required to have continuous coverage of Medicare Parts A and B prior to death. We did not condition enrollment on survival, which would have induced bias. Individuals with Medicare administered through a managed care organization were excluded because our data may not comprehensively capture administrative claims determining their treatment. Individuals with non-age-related eligibility for Medicare were also excluded from the analysis. Patients with missing data on race/ethnicity and our potential SES mediators of interest were also excluded from the sample. Our final analytic cohort included 9484 patients ages 66 years and older with DLBCL (Supplemental Figure 2 , http://links.lww.com/MD/ D378).
The SEER-Medicare linked database is available to investigators only under a limited data use agreement. While we cannot directly share these data files, the programming code used for these analyses are available upon request. The institutional review board of the University of Illinois at Chicago approved this study and determined using de-identified data to be exempt from human subjects research requiring informed consent.
Covariates
Receipt of infused, systemic therapies (or oral equivalents) was determined using administrative claims with current procedure terminology and ICD-9-CM codes by providers. [27] Similar to other studies utilizing the SEER-Medicare linked database, [7] [8] [9] patients who received rituximab plus chemotherapy, rituximab monotherapy or other systemic chemotherapy in the year following diagnosis are here forward referred to as having received "any chemo-and/or immuno-therapy." Patients with no documentation of these treatments in the year following diagnosis are classified here forward as receiving "no chemoand/or immuno-therapy". Information on the exposure and other important covariates including race/ethnicity (NH-white, NH-black, Asian/Pacific Islander (API), Hispanic/Latino), age, sex, year of diagnosis, Ann Arbor stage, and presence of B symptoms at diagnosis were collected from SEER registry-reported data at cohort entry. The modified Charlson Comorbidity Score was determined using administrative medical claims data and was calculated from 12 months prior to diagnosis. [28] Finally, we also used these data to collect information on the 3 measures of SES mediators (i.e., private Medicare supplement status [yes vs no], MSA [urban vs nonurban], and ≥10% census-tract poverty level [yes vs no]), categorized as binary variables in these analyses. Beneficiaries were considered to have "Medicare without private supplement" if they lacked any supplement or had Medicaid (dual-eligible); all other beneficiaries had some form of private Medicare supplementation documented. Our definition of private Medicare supplementation did not include Medigap. These classifications were documented from the enrollment information at the time of DLBCL diagnosis. Urban MSAs were those with a population of at least 1,000,000; all others were considered nonurban MSAs.
Statistical analyses
Descriptive analyses described the difference in distribution of covariates overall and by receipt of any chemo-and/or immunotherapy. Statistical significance was tested using t-test or Pearson's chi-squared for continuous and categorical variables, respectively. Mediation analyses follow the product method approach described by VanderWeele et al. [21, 29] This method estimates the presence of mediation, direct effects, and indirect effects through a series of regression analyses. First, we conducted univariate (Eq. (1)) and multivariable (Eq. (2)) analyses regressing the outcome (i.e., any chemo-and/or immuno-therapy) on the exposure (i.e., race/ethnicity) and a priori measured confounders (Supplemental Figure 1 , http://links.lww.com/MD/D377). In our models below, a represents the level of the exposure, m represents fixing the mediator (M) at a constant level, and c are the measured confounders adjusted for in the model.
We then conducted univariate (Eq. (3)) and multivariate (Eq. (4)) analyses separately regressing mediators (i.e., the potential SES mediators of interest) on race/ethnicity and a priori measured confounders. Using these estimates, we calculated the natural direct effects (NDE) (Eq. (2)), natural indirect effects (NIE) (Eq. (4)), and total effects (TE) (Eq. (5)). [30] The direct effect describes the exposure-outcome relationship that does not include the mediator (u); and the indirect effect describes the part of the exposure-outcome relationship that incorporates the mediator (1 À u). While our approach accounted for the possibility of interaction among these SES measures and race/ethnicity, we did not find evidence of significant interaction with these mediators of interest and thus, interaction terms were not included in the final models.
To estimate the extent to which the exposure-outcome relationship is affected by the mediator, we conducted a proportion-mediated calculation (Eq. (6)) using the PARAMED module in Stata. We used the calculated coefficients from the logistic regression and linear regression models to characterize the outcome and mediator variables respectively. All analyses were [30] conducted using Stata Release 14 (College Station, TX). [31] PM
Results
We report descriptive characteristics of Medicare beneficiaries diagnosed with DLBCL who received any chemo-and/or immuno-therapy and those who did not receive such therapy in Table 1 . Those receiving any chemo-and/or immuno-therapy were younger (median 76 vs 80 years) and had slightly fewer female patients (54% vs 56%). Compared to patients that received any chemo-and/or immuno-therapy, a lower proportion of Medicare recipients that received no chemo-and/or immunotherapy had private Medicare supplementation (61% vs 67%), and a greater proportion lived in an urban MSA (59% vs 56%) and in census-tracts with poverty levels of ≥10% (45% vs 41%).
In Table 2 , we describe characteristics of Medicare beneficiaries with DLBCL by race/ethnicity. A slightly greater proportion of NH-white Medicare beneficiaries (61%) received treatment with any chemo-and/or immuno-therapy compared to NH-black (58%), API (55%), and Hispanic/Latino beneficiaries (55%). Regardless of racial/ethnic group, the majority (>90%) of patients treated with any chemo-and/or immuno-therapy received R-CHOP regimens. A lower proportion of NH-black (45%), API (37%), and Hispanic/Latino patients (36%) had private Medicare supplementation compared to NH-white patients (70%); and more racial/ethnic minority patients lived in an urban MSA (64%, 74%, and 64% respectively) compared to their NH-white counterparts (55%). Furthermore, more NHblack (75%) and Hispanic/Latino patients (63%) lived in censustracts with poverty levels of ≥10% compared to NH-white (40%) and API patients (39%).
In Table 3 , we report results from logistic regression models for the association between race/ethnicity and odds of treatment with In Table 4 , we report results from logistic regression models for the associations between race/ethnicity and the SES mediators of interest. NH-black and Hispanic/Latino patients had higher odds of having Medicare without private supplementation, residence in an urban MSA and in a census-tract with ≥10% poverty in both crude and multivariable adjusted logistic regressions among racial/ethnic minorities compared to NH-white patients. API patients also had higher odds of having Medicare without private supplementation and residence in an urban MSA but were similar to NH-white patients in respect to census-tract poverty levels.
Based on the regression coefficients estimated in these multivariable analyses, Table 5 reports the calculated causal natural direct effect, natural indirect effect, total effect and the proportion mediated by the three SES mediators of interest in our casual pathway. The total effects from the mediation analyses were similar to the total effects found in the regression modeling that treats SES mediators as confounders (Table 3 ). For the observed differences in likelihood of treatment of patients ≥66 years of age with DLBCL with any chemo-and/or immunotherapy, private Medicare supplementation accounted for the greatest proportion mediated for NH-black (38%), API (34%) and Hispanic/Latino patients (31%); as mediators, MSA and census-tract poverty levels of ≥10% accounted for only a modest amount of the observed differences in treatment by racial/ethnic group (between 5-10% and 6-11%, respectively) ( Table 5 ).
Discussion
To our knowledge, this is the first study to investigate SES as a mediator for the association between race/ethnicity and the receipt of chemo-and/or immuno-therapy in patients 66 years of age and older with DLBCL. Past epidemiologic studies modeling SES as a confounder or effect modifier when evaluating receipt of cancer treatment and mortality have conflicting results. [9, 11, 19, 32] While SES was demonstrated to attenuate any differences in cancer-specific and all-cause survival by race/ethnicity when adjusted as a confounder, [19] we contend that it is possibly more appropriate to consider SES measures as mediators to avoid introducing bias and minimize the possibility of spurious findings. [33] Mediation analyses that determine a proportion effect mediated provide an estimate of how much of the observed effect of race/ethnicity on treatment receipt would be reduced if we could fix the value of SES for the entire population, [29] an important interpretation for health policy decisions. These findings support the role of health policies, SES, and race/ ethnicity on disparities in DLBCL survival. [18, 34] In previous studies, lack of insurance or having coverage with Medicaid only was associated with lower survival in younger lymphoma patients ages 18 to 64 years. [35] When comparing racial/ethnic minorities to NH-white DLBCL patients 66+ years of age in our analysis using SEER Medicare linked database, a large proportion (31-38%) of the effect of race/ethnicity on receiving any chemo-and/or immuno-therapy treatment was mediated by having private Medicare supplementation. Our findings are consistent with the available, although limited, literature describing differences in DLBCL treatment by racial/ ethnic group and lower treatment rates among those with less comprehensive insurance coverage. [9, 11, 19] Given that the highest incidence of DLBCL occurs in the older adults covered by Table 5 Mediated association between race/ethnicity and receipt of any chemo-and/or immuno-therapy * by socioeconomic status (single mediation analyses). Medicare, [36] understanding substantial mediators to treatment access is critically important. This knowledge creates an opportunity for medical providers to optimize treatment outcomes and policymakers to provide equitable public health gains from highly effective breakthrough treatments such as rituximabbased therapy. Despite the improvements in cancer care, racial disparities persist in treatment and survival in DLBCL and non-Hodgkin lymphoma in general. Access to medical treatments is characterized in the health services literature in multiple ways including affordability, availability, accessibility, accommodation, and acceptability. [37] This suggests that minority patients continue to experience barriers to effective treatments for DLBCL owed in a considerable extent to SES-related factors like private Medicare supplementation. [8, 9, 17] Treatment of non-Hodgkin lymphoma, and DLBCL specifically, with R-CHOP regimens is highly efficacious and improves survival regardless of race/ethnicity. [8, 19] Beyond cancer treatment, racial disparities may also persist due to differences in cancer prevention, screening, and outreach. [17] Among our mediators, private Medicare supplementation affected whether patients with DLBCL were treated with chemoand/or immuno-therapy; however, population-level SES proxy measures (i.e., MSA and census-tract poverty level) accounted for only minimal mediated effects. In other studies, low neighborhood-level SES is associated with higher odds of not receiving cancer treatment when compared to patients from higher SES areas. [17, 32, 38] Therefore, further research using more detailed geographic data is warranted to determine the role of these factors in relation to racial/ethnic disparities in the treatment of DLBCL.
Private Medicare supplementation
Policy implications
DLBCL five-year mortality has declined for the past two decades, in large part due to the introduction of rituximab-based treatment. [6] However, groups have benefited unequally from this advancement-racial minorities and individuals with no insurance or public insurance have higher rates of not receiving treatment and mortality. [9, 11, 19] According to Phelan and Link's theory of fundamental causes, disparities persist because individuals with higher SES have more resources and this leads to greater and more immediate access to new medical treatments and technologies. [39] This is a major cause for concern because as the field of oncology continues to progress toward more precision medicine and targeted therapy, the potential for worsening disparities among under resourced populations is daunting. Our findings suggest that improving access to private Medicare supplementation may reduce racial disparities in the receipt of treatment and may in turn have implications on cancer-specific mortality among Medicare recipients with DLBCL. This would be possible through policies that provide a subsidy for private supplementation for low-income Medicare beneficiaries. Medicare part D, for example, improved access to prescription medications among low-income adults by subsidizing the cost of the private supplement (i.e. Low Income Subsidy). [40] Expansion of Medicaid to a greater number of older adults is another option for policymakers. However, considering that dual-eligible Medicare beneficiaries have lower receipt of cancer treatments compared to beneficiaries with private insurance, [41] expanded Medicaid coverage would need to be comparable to that of private supplementation.
Rising costs of cancer treatment and out-of-pocket expenses represent a significant burden on cancer patients and barriers to care. [12, 16] Out-of-pocket expenses for Medicare beneficiaries with cancer vary by supplemental insurance-beneficiaries with Medicaid have the lowest average expenditure and beneficiaries with no supplemental insurance have the highest expenditure, [13] although our study did not evaluate the role of out-of-pocket expenses on DLBCL outcomes. Together with our findings, these studies suggest that improving access to cancer treatments may lead to a reduction cancer disparities among racial/ethnic minorities. [42] 
Limitations
There were limitations to our approach in this study. Analytically, applying the product method assumes that there are no unmeasured confounders in the exposure-outcome, mediatoroutcome, and exposure-mediator relationships. [29] In this study using cancer registry and linked administrative claims data, residual confounding by unmeasured covariates is always possible given its observational nature and the use of mediator proxy measures. While SEER-Medicare captures many sociodemographic variables that are typically missing from other large administrative claims data, it was not possible to collect information on other important determinants for receipt of cancer treatments, such as: individual-level SES, ability to pay/ cost-sharing, transportation, caregiver status, and important clinical considerations in treatment decision making (e.g., functional or performance status). Also, private Medicare supplementation plans are heterogeneous and vary in extent of additional coverage for beneficiaries. While we measured continuous Medicare enrollment and supplementation status at the time of DLBCL diagnosis, we were unable to distinguish whether supplementation (Part C) lapsed but patients remained enrolled on Parts A and B. An unmeasured confounder that is correlated with our mediators and may have contributed to the observed proportion mediated. However, we do not believe this could account entirely for the observed magnitude of the proportion mediated.
Given the dichotomous structure of our variables, we were unable to conduct a sensitivity analysis that estimated the proportion mediated using a different analytic method such as structural equation modeling (SEM), which requires the use of continuous variables. [43] Generalized SEM is a new method that accommodates dichotomous/categorical variables, but is unable to estimate indirect effects for comparison to our main approach. [44] Our findings have limited generalizability due to sampling from SEER reporting regions (instead of the entire U.S.), exclusion of patients who did not have Medicare as the primary payer, and other inclusion/exclusion criteria. Other studies have reported lower rates (23%) of non-treatment of older DLBCL patients in the SEER-Medicare linked database, [45] while we identified that 40% of our cohort did not receive treatment. This difference in observed treatment (or absence thereof) may be explained by our exclusion of patients with a history of lymphoma diagnosis, non-age related Medicare eligibility, and requirements on continuous enrollment. Prior studies also classified patients as treated if they had only one chemo-and/ or immuno-therapy diagnostic or procedural claim following DLBCL diagnosis. [45] We required two or more claims for a specific chemotherapeutic agent within 3 months of each other, Guadamuz et al. Medicine (2019) 98:46 www.md-journal.com not including a single date of service with the ICD-9-CM code indicating an encounter for antineoplastic chemotherapy (V58.11). Determining treatment from a sole claim for a single chemotherapeutic agent could represent intolerance (e.g., hypersensitivity) or the decision to not continue treatment (e.g., high cost or patient burden). Similarly, the use of a single ICD-9-CM code indicating the occurrence of an antineoplastic administration is not necessarily for a chemotherapeutic agent (e.g., Mesna administration post-cyclophosphamide). Indeed, the authors of the previous study of DLBCL treatment concluded that suboptimal duration of treatment was associated with poor outcomes, similar to that of having not received any treatment. [45] Lastly, the age of onset of DLBCL among NH-black patients is lower compared to other racial/ethnic groups. Therefore, racial disparities in younger patients with respect to SES mediators such as having robust insurance were beyond the scope of this analysis.
Conclusion
Understanding health insurance-related disparities in lymphoma treatment and outcomes remains an important concern for oncologists and health policy makers. We found that between 31% and 38% of the observed differences in DLBCL treatment between racial/ethnic minority patients (i.e., NH-black, API, and Hispanic/Latino patients) and NH-white patients were mediated by having private Medicare supplementation. Census-tract-level SES factors (i.e., MSA and census-tract poverty level) yielded only modest mediation effects. Further research examining the role of other SES characteristics at the person and community level as possible mediators of differences in receipt of treatment by race/ ethnicity is needed to confirm our findings. Still, understanding of mediation by socioeconomic measures such as Medicare supplementation provides important evidence for policymakers to consider actions to reduce cancer health disparities in the treatment of DLBCL.
